INTRODUCTION
Rice fields are irrigated during the growing season, from planting in spring to harvesting in autumn. Traditionally, irrigation ponds were constructed in areas where people could not get enough water from rivers. Such ponds are particularly numerous in the Inland Sea district of western Japan. A case study in the Saijo Basin, Hiroshima Prefecture, located in the Inland Sea district, shows that irrigation ponds in the basin support biological diversity as the habitats of common, rare and threatened species of plants (SHIMODA, 1993) and animals (Hiroshima Prefecture, 1974) .
In the Saijo Basin, ponds with differing environmental conditions and vegetation adjoin each other. Recently, rapid change in pond environment and vegetation has been caused by land-use changes (SHIMODA, 1993 (SHIMODA, , 1995 SHIMODA and HASHIMOTO, 1993a The Saijo Basin is situated at ca. 200 m altitude, 30 km east of Hiroshima City. It extends 12 km from east to west and 10 km from north to south and is surrounded by mountains 400-600m in altitude. The basin is covered with lacustrine sediment known as Saijo sand and gravel beds. The hills and mountains consist of granitic and rhyolitic rocks (Hiroshima Prefecture, 1977) .
In the Saijo Basin, irrigation of rice fields is mainly dependent upon ponds because the basin rivers have only a small amount of flowing water except after heavy rains. The basin is characterized by high pond densities. Figure  1 depicts the topography of the basin and the irrigation ponds based on l: 50,000 scale maps issued by the Geographical Survey Institute of Japan. Figure 2 shows the 10 selected ponds and the topographic aspects of site A. The 10 ponds are situated on gently sloping agricultural land below a pine (Pinus densiflora) forest. Ponds 1-4, located at higher elevations, are surrounded by a pine forest. Their catchment areas consist of forest. Ponds 5-10, located at lower elevations, are bordered by rice fields, houses or paved roads. Water flows from upper ponds to lower ponds through ditches : 4 5 10,3 7 9, 2 6. The lower ponds receive water from sur- Site B Figure 3 shows the 7 selected ponds and topographic aspects of site B. Ponds 1-4 are surrounded by forests, 5 is surrounded by forests and a sedge swamp, 6 is bordered by rice fields and ponds, and 7 is surrounded by rice fields. Water flows from upper to lower ponds through ditches : 1 2 3 4 7, 1 2 5 6 7. Ponds 6 and 7 also receive water from surrounding rice fields. Site C
The four ponds of site C form a chain as shown in Figure 4 . Ponds 1-3 are surrounded by a pine forest. Pond 4 is surrounded mostly by forest, but partly bordered by rice fields and a house. Water flows from pond 1 (highest elevation) to pond 4 (lowest elevation). Table 3 shows aquatic plants found in the four ponds. The flora of ponds 1-3 are similar. Number 4 differs due to its abundance of Trapa japonica as well as to the rice fields and a house on the surrounding land.
Although the conductivity values were higher in the ponds at lower elevations, there was no major difference in water quality among the four ponds. japonica-Brasenia schreberi community is characterized by the dominance of Trapa japonica and the presence of species characteristic of the Brasenia schreberi-Nymphaea tetragona community. This community was found in the ponds surrounded by forests, rice fields and houses. The Trapa japonica community is species-poor and characterized by the dominance of Trapa japonica. It was found in the ponds surrounded by rice fields and houses.
The range of electric conductivity was lowest in the Brasenia schreberiNymphaea tetragona community. The pH values show that the water was weakly acidic in all ponds. The relationship between community distribution and pond environment suggests that surrounding vegetation and land-use affect plant distribution and water quality. Temporal vegetation change The ponds in sites A, B and C have been used for irrigation and traditionally managed. In recent years, land-use changes in the Saijo Basin (mostly due to urbanization) have produced several effects on irrigation ponds (SHIMODA, 1993 (SHIMODA, , 1995 SHIMODA and HASHIMOTO, 1993a) . Table 5 lists the aquatic plants in Koike Pond (Fig. 1, D 
DISCUSSION
Vegetation in space and time The relationship of aquatic plant communities to surrounding vegetation and land-use found in sites A, B and C displays the common spatial distribution patterns of plant communities from the mountainous area to agricultural lands in the Saijo Basin (SHIMODA, 1985) . The temporal vegetation changes in Koike Pond (site D) corresponded to the spatial change in sites A, B and C. Changes in species composition, a reduction in species richness and the disappearance of species following environmental change had already been observed in other ponds in the Saijo Basin (SHIMODA, 1993 (SHIMODA, , 1995 SHIMODA and HASHIMOTO, 1993a) and in other areas (e. g. NAKANISHI, 1992 ; HAMA -SHIMA, 1979 KADONO, 1994b; KAMIYA and KuNII 1995) .
Both spatial and temporal changes in vegetation are accompanied by a reduction in species richness : from the Brasenia schreberi-Nymphaea tetragona community, a species-rich community in the ponds with no or little pollution to the Trapa japonica community, a species-poor community in the ponds with catchment areas constituting of arable and built land. This vegetation change pattern agrees with the explanation of ODUM (1971, p. 148) : "the number of rare species is reduced and the importance of, or concentration of dominance in, a few common species (that are tolerant of, or especially adapted to, the stress) increases."
The spatial distribution pattern of plant communities characteristic of differing environments is similar to that of recent vegetation changes due to extreme and rapid alteration of the environment.
It suggests that plant distribution is related to pond environment, and more especially to catchment area characteristics and water quality.
Relationship between aquatic plant distribution and water quality SHIMODA and HASHIMOTO (1993b) showed the relationship between the distribution of 10 aquatic plants and the nitrogen and phosphorus concentrations from their survey of the flora and water quality of 23 ponds in the Saijo Basin. It was found that Brasenia schreberi, Trapa japonica and Nuphar oguraense var. akiense showed a wider distribution and often were the dominant species. Other species showed a narrow distribution and were restricted to water with low concentrations of total phosphorus and total nitrogen. These did not usually become dominant species but simply further enriched the pond's flora. Consequently, species-rich ponds were restricted to nutrient-poor waters.
In the nutrient-rich ponds, Trapa japonica dominated, while other species were few and pond flora was species-poor. This is similar to the relationship between plant distribution and electric conductivity in sites A, B and C (Fig. 6 ). This result suggests that there is a correlation between the nitrogen and phosphorus concentrations, conductivity and plant distribution. KADONO (1987) reported the correlation between conductivity of water and total phosphorus and total nitrogen from the research of irrigation ponds in Hyogo Prefecture, southwestern Japan. SEDDON (1972) , PUTT (1983) and LOOMAN (1986) regarded conductivity as an indicator of the trophic level.
Spatial distribution patterns of plant communities in sites A, B and C, and the vegetation change in Koike Pond in site D show that species distribution and species richness have a relationship with water quality. The relationship between aquatic macrophyte distribution and water quality has been studied in many places : e.g., SEDDON, 1972 ; KADONO, 1982 KADONO, , 1987 HAMASHIMA, 1979 HAMASHIMA, , 1983 POTT, 1983 ; ILMAVIRTA and TOIVONEN , 1986; LOOMAN, 1986; JACKSON and CHARLES, 1987; KUNII, 1991 . Some ponds in sites A, B and C were connected to others by ditches . Species dispersal is possible from higher to lower ponds through such ditches.
However, colonization, especially by an intolerant species , is unlikely if the water quality of the ponds is significantly different .
Species composition and species richness differ even between ponds of similar environment within a small geographical area . This suggests that plant distribution is decided not only by water quality but also by other factors such as accidental species dispersal (GODWIN, 1923 ; HARA and MIZUSHIMA, 1954; BARNES, 1983 ; SEDDON, 1972; FRIDAY, 1987) , interspecific competition (SEDDON, 1972 ; GOPAL and GOEL, 1993.) , allelopathy (GOPAL and GOEL, 1993) , effect of aquatic animals (MARTIN et al., 1992 ; MIHARA and KUNII, 1994) , substrate types (HUTCHINSON, 1975 ; NICHOLS, 1992) and the history of the pond (SHIMODA, 1983) . Value and conservation of irrigation ponds as small biotopes in agricultural lands
Irrigation ponds have been a feature of the Saijo Basin as small biotopes in an agricultural landscape.
Various kinds of aquatic and wetland plant communities are found in and around the ponds (SHIMODA, 1985) , and pond vegetation has been stable under traditional management (SHIMODA, 1995) . With the recent urbanization in the Saijo Basin, land-use changes in rural areas have produced several effects on ponds (SHIMODA, 1993) . Pond vegetation has disappeared (SHIMODA and HASHIMOTO, 1993a) or changed dramatically (as in Koike Pond at site D) due to serious environmental changes from such factors as water pollution (SHIMODA, 1993 (SHIMODA, , 1995 .
The same situation has been reported in Europe. Pond loss in agricultural lands has been reported and the wildlife value of ponds elucidated by KABISCH and HEMMERLING (1982) and ROSER (1989) in Germany, MOLLER and RORDAM (1985) and AGGER and BRANDT (1988) in Denmark, and HEATH and WHITEHEAD (1992) and BOOTHBY et al. (1992) in England.
The present study of sites A-D shows that small ponds surrounded by forests were most species-rich.
Research into irrigation ponds conducted in Kita-Kyushu City, western Japan, showed that most of the habitats of rare aquatic plants were small ponds situated in mountains or at the foot of mountains (Kita-Kyushu City, 1974) . In the Kita-Kyushu research, the value of these small ponds was emphasized from the viewpoint of rare plant conservation.
To conserve pond life of small, species-rich ponds, not only the water bodies themselves but also the environment of the catchment areas should be protected to maintain water quality.
